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Abstract 
Effects of randomness in fault rupture and in soil parameters (shear wave velocity and thickness of soil layers) and structural parameters 
of a R. C. portal frame ((shear stiffness and mass density) on the seismic response of the portal frame in the Delhi region has been studied. 
Bedrock outcrop ground motions have been generated for three earthquakes of magnitudes (MW of 7.5, 8.0 and 8.5) using stochastic finite 
fault model. One dimensional equivalent linear ground response analyses that takes into account the variations in soil parameters have 
been carried out at three typical sites. It is seen that randomness in fault rupture contributes predominantly to the variability in the 
response. It is further seen that the effect of randomness in soil and structural parameters on the seismic response may also be significant. 
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1. Introduction 
The characteristics of the soil can greatly influence the nature of shaking at the ground surface. The importance of the effect 
of sediments above bedrock in modifying the strong ground motion has been recognized [9,19]. The nature of soil that 
changes the amplitude and frequency content has a major influence on damaging effects of earthquakes. The damage due to 
high acceleration short duration earthquake (Park field, California 1966, PGA 0.5 g) has been reported [19] to be lesser than 
that of due to the low amplitude (0.05 g to 0.1 g) frequency content and long duration earthquake (Mexico City earthquake, 
1957). 
The necessity of the site specific analysis for the design of new buildings has been felt from the reported damages in the past 
earthquakes. Extensive damages have been reported for multi-storey structures on deep deposits of soft clay and short 
period structures on shallow stiff deposits during Mexico earthquake (1957) and Alaska earthquake (1964) due to local soil 
conditions [19]. Damage due to local soil effects have been well documented for Kocaeli, Turkey earthquake of August 17, 
1991. During this earthquake severe damage to 5-8 storey high residential building were reported: the structural failure of 
short buildings on shallow stiff soil and foundation failure of tall buildings on soft deposits [2,21].   
Site specific ground response analysis of a site in Ahmedabad city for Bhuj earthquake of 26 January 2001 has been 
reported by Govindraju et al. [8]. The effect of randomness in the depth of soil stratum over bed rock and in shear wave 
velocity on the structural response in the Algeris city (Algieria) has been studied by Badoui et al. [1]. The effect of 
randomness in depth of soil stratum and shear wave velocity are assummed to be log normal distribution. Reinforced 
concrete buildings, erected on a multilayered soil, are analyzed under seismic inputs under the hypotheses that the soil 
thickness and the shear wave velocity are lognormal random variables. The results show that the response spectra at 
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fundamental period of the buildings considered are sensitive to the depth to bedrock randomness. Accordingly the base 
shear as well as the interstory drifts and lateral displacement of the buildings are also influenced by this randomness. In this 
investigation the randomness in structural parameters has not been considered. 
The effect of randomness in geometrical and material properties was studied by Vasconcellos et al. [22] for a set of beams 
and columns. It was observed that the variability in material properties affected the beam response when loading is closer to 
cracking load. It was also observed that column response variability became pronounced at increasing values of axial load 
and with increasing nonlinearity in concrete behavior.  
In this paper, the effect of randomness in fault rupture , in soil parameters and in structural parameters of a R. C portal frame 
for 3 sites in Delhi region for which bore log details are available is studied for earthquake originating from central seismic 
gap of Himalaya. Bedrock outcropping motions have been generated for the scenario earthquakes of moment magnitude 
Mw=7.5, Mw=8.0 and Mw=8.5.ion. The free field motions and response spectra are generated by propagating the recorded 
rock out crop motion through the soil layers considering the randomness in soil parameters.  
2 Ground Response 
2.1 Strong Ground Motion Generation 
Strong ground motions have been generated in Delhi region at bedrock level using finite fault stochastic model, 
FINSIM [5, 6] and parameters (Table 1) are adopted from Singh et al. [20] and Kamatchi [13].  In order to minimize the 
noise due to random fault rupture in the simulation, 15 scenario motions have been generated for each earthquake 
magnitude. From literature [13, 14] it is clear that 15-18 scenarios motion and their averages are sufficient to simulate the 
response spectra.  Typical simulation of the time history generated for rock outcrop for each of the magnitudes (7.5, 8.0 and 
8.5) is shown in the Figure 1. The response spectra for the 15 simulations of rock outcrop motion and corresponding average 
for the earthquake magnitudes (7.5, 8.0 and 8.5) for 5% damping are shown in Fig. 2. 
2.2 Site Response Analysis 
One dimensional equivalent linear wave propagation analysis is the widely used numerical procedure for ground response 
analysis. The equivalent linear analysis model SHAKE [15] has been adopted in the present study. The software SHAKE 
2000 computes the response in a system of homogeneous, visco-elastic layers of finite horizontal extent subjected to 
vertically propagating shear waves. The software is based on solution of wave equation. The non linearity of shear modulus 
and damping is accounted for by the use of equivalent linear soil parameters using an iterative procedure to obtain values for 
modulus and damping compatible with effective strains in each layer. In order to account for randomness in soil parameters, 
these have been varied in the soil stratum.  
 
2.2.1 Sites 
Three soil sites in Delhi for which bore hole data is available are site 1 (Vasant Kunj; Depth = 17 m), site 2 (Lodhi 
road, Depth = 30 m) and site 3 (Rohini, Depth = 38 m). The geotechnical data (standard penetration test values, N) for these 
sites is available [13]. The shear wave velocity,  measurements however are not available. The variation of shear wave 
velocity along the depth in the present study is estimated by using the correlations suggested for Delhi region by Rao and 
Ramana [16] as given below: 
 
   
 43.079NVS    (Sand) (1) 
   42.086NVS   (Silty sand)                (2) 
 
 
The modulus reduction and damping ratio curves for soils have been adopted from Vucetic and Dobry [23] where 
as for rocks these have been adopted from Schnabel [17]. 
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Table.1 Seismological parameters for strong motion generation using FINSIM  
 
Parameters Mw = 7.5 Mw = 8.0 Mw = 8.5 
Fault orientation Strike 300° Dip 7° Strike 300° Dip 7° Strike 300° Dip 7° 
Fault dimension along 
strike and dip (km) 
 
56 x 56 
 
125 x 80 
 
240 x 80 
 
Depth of focus (km) 
 
11 
 
16 
 
16 
Stress parameter (bars) 50 50 50 
No. of sub-faults 5x5 8x5 16x5 
No. of sub-sources 
summed 
28 57 339 
 
Duration model Rf
T
c
W 05.0
1
 R
f
T
c
W 05.0
1
 R
f
T
c
W 05.0
1
 
Quality factor (Q) 
48.0508 ffQ  48.0508 ffQ  48.0508)( ffQ  
Windowing function Tapered boxcar Tapered boxcar Tapered boxcar 
fmax (Hz) 15 15 15 
Crustal shear wave 
 
3.6 3.6 3.6 
3) 2.8 2.8 2.8 
Radiation strength factor 1.4 1.4 1.4 
 
 
   
Fig.1 Bedrock outcrop motions for one scenario using FINSIM for magnitude, Mw = 7.5, 8.0 and 8.5. 
 
   
 
Fig.2 Response spectra for the 15 simulations of rock outcrop motion and their average for the earthquake 
magnitude, Mw = 7.5, 8.0 and 8.5, for 5% damping. 
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2.2.2 Site Response 
2.2.2.1 Deterministic Soil Parameters (DSP)   
Deterministic soil parameters are utilised for deterministic analyses, however fault rupture is assumed to be random 
phenomenon. The rock outcrop motions simulated above have been propagated through the soil strata of the three sites and 
the free field motions are obtained. The bedrock outcrop motion and free field motion for one simulation of earthquake (Mw 
= 8.5) are shown in Fig.3. The average peak ground accelerations (PGA) for the 15 simulations of bed rock outcrop motions 
and free field surface motions for each magnitude for  site 2 and their average PGA amplification ratio of PGA of free field 
motion to PGA of bedrock level motion are shown in Table 2.  
 Response spectra for 5% damping for the 15 simulations on the surface of site have been obtained for all the three 
earthquake magnitudes. Typically (MW = 8.5, site 2), the response spectra (5 % damping) for 15 simulations of free field 
motions and their average  is shown in Fig.4.  
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Fig.3 Bedrock level and free field motions at the top of 
the site for one simulation of earthquake, Mw = 8.5. 
 
Fig.4 Response spectra (5 % damping) for the 15 
simulations of free field motions and their average, 
(MW = 8.5, site 2).  
 
Table.2 Average PGA of rock outcrop motion, free field motion and average PGA 
amplification at site 2.  
Mw Average PGA rock 
outcrop motion 
(cm/sec2) 
Average PGA  free 
field motion (cm/sec2) 
Average PGA 
amplification 
7.5 16.64 48.16 2.89 
8.0 27.29 74.90 2.74 
8.5 44.39 120.16 2.71 
 
2.2.2.2 Probabilistic Soil Parameters (PSP) 
The effect of randomness  in soil parameters such as thickness of each soil layer, shear wave velocity, dynamic 
characteristics of soil and PGA of rock outcrop motion  have a great influence in modifying the PGA amplifications and the 
response spectra of the site. In the present study the thickness of each soil layer and its shear wave velocity have been 
considered as random variables with log normal distribution. Coefficients of variations (COV) for the thickness of each 
layer and its shear wave velocity have been taken equal to 0.5 and 0.2 respectively. These values reflect greater variability 
in thickness of layers [1]. Fifty samples of soil parameters (50 soil strata) at each site are generated for probabilistic 
analyses.  
Fifteen ground motions simulated at bedrock level above (section 2.2.1) have been propagated through the 50 soil   
strata to obtain the free field motions and response spectra at surface level of all the sites for all three magnitudes of the 
earthquake. Response spectra (5% damping) for the (15 × 50) 750 simulations on the surface of the all the site have been 
obtained for all the three earthquake magnitudes.   
Response spectra for 5 % damping: (i) mean, ((ii) mean + Standard deviation (iii) mean + (2 x Standard deviation) 
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for all the sites and for MW = 8.0 are shown in Figs. 5, 6 and 7. 
2.2.2.3 Comparison of DSP and PSP Response 
 For the sake of comparison DSP response spectra are also included in Figs 5, 6 and 7 respectively. It is seen from these 
figures that mean PSP response is close to the DSP response. However, mean + 2 x standard deviation PSP response may be 
higher than the DSP response. At some values of time periods mean + 2 x Standard deviation PSP response is higher by 
37% than the DSP response.  
 
 
(a) 
 
(b) 
 
(c) 
 
Fig.5 DSP and PSP response (5% damping, Mw = 8.0, site 1); (a) Mean, (b) Mean + Standard deviation, (c) Mean + 2 x 
Standard deviation. 
 
 
(a) 
 
(b)  (c) 
 
Fig.6  DSP and PSP response (5% damping, Mw = 8.0, site 2); (a) Mean, (b) Mean + Standard deviation, (c) Mean + 2 x 
Standard deviation. 
 
 
(a) 
 
(b) 
 
(c) 
 
Fig.7 DSP and PSP response (5% damping, Mw = 8.0, site 3); (a) Mean, (b) Mean + Standard deviation, (c) Mean + 2 x 
Standard deviation. 
 
In order to isolate the effect of randomness in fault rupture and the effect of randomness in soil parameters the standard 
deviation of spectral acceleration values  for DSP (15 simulations) and PSP  (750 simulations) are shown in Figs. 8,9 and 10 
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respectively for Mw = 7.5, 8.0 and 8.5 respectively. It is seen that randomness in fault rupture contributes predominantly to 
the variability in response.  
 
 
   
 
Fig.8 Comparison of standard deviation of spectral acceleration values for DSP (15 simulations) and PSP (750 simulations) 
(for 5% damping, Mw= 7.5). 
 
   
 
Fig.9 Comparison of standard deviation of spectral acceleration values for DSP (15 simulations) and PSP (750 simulations) 
(for 5% damping, Mw= 8.0). 
 
   
 
Fig.10 Comparison of standard deviation of spectral acceleration values for DSP (15 simulations) and PSP (750 
simulations) (for 5% damping, Mw= 8.5). 
 
3. R. C. Portal frame Response 
A R.C. portal frame modelled as shear beam is considered. Two structural parameters that govern the seismic 
response of the portal frame are its shear stiffness and mass density. These are taken as random variables with the mean 
values = 6220kN/m and 17500kg and with coefficient of variation = 0.1 [22] for both of the parameters. The mean 
fundamental time period of the portal is 0.333 sec. The normal distribution has been adopted to generate the 5 random 
values for shear stiffness as well as mass density. Twenty five (=5x5) structural data sets are therefore arrived at.  
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Deterministic Seismic analysis is carried out by utilising mean values of soil and structural parameters. As stated 
earlier fault rupture is assumed to be a random phenomenon and accordingly a number of simulations (15) are generated for 
the bedrock outcrop motion and utilised for the evaluation of deterministic soil and structure parameters (DSSP) response. 
Use is made of SAP 2000 [7] for time history analysis. In particular for site 1, Mw=8.5 the base shears for the 15 simulation 
are evaluated to be 22.70 kN, 18.44 kN, 18.39 kN, 16.66 kN, 19.92 kN, 17.47 kN, 18.66 kN, 21.11 kN, 18.08 kN, 19.14 kN, 
17.23 kN, 18.65 kN, 21.14 kN, 19.85 kN and 17.23 kN. The mean, mean + standard deviation and mean + 2x standard 
deviation of these values are 18.981 kN, 20.675 kN and 22.368 kN respectively.  
For the evaluations of probabilistic soil and structure parameter (PSSP) response, 15 simulations are generated for 
the bedrock outcrop motion, 50 sets of soil parameters and 25 sets of structural parameters are utilised. The total number of 
analysis carried out is 18750 (15x50x25).  
Table 3 shows comparison of base shears obtained using DSSP and PSSP for all the 3 sites. Table 4 gives 
percentage increase or decrease in PSSP base shear in comparison to DSSP base shear. The mean PSSP base shear may be 
marginally higher or lower than DSSP base shear. However mean +2 x Standard deviation PSSP base shear may be 
significantly higher than corresponding DSSP base shear. At site 3 for Mw = 8.5 PSSP base shear is found to be about 23% 
higher than the corresponding DSSP response. This observation in accordance with the results reported in the literature [4]. 
It would be difficult to identify the case in which the result either higher or lower.  
 
Table 3 Comparison of base shear (kN) obtained using DSSP and PSSP.  
Site Mw DSSP PSSP 
Mean 
 
Mean + 
Standard 
deviation  
Mean + (2 x 
Standard 
deviation)  
Mean 
 
Mean + 
Standard 
deviation  
Mean + (2 x 
Standard 
deviation)  
 
1  
7.5 9.252 10.753 12.253 9.522 11.344 13.166 
8.0 13.011 14.889 16.767 13.077 15.390 17.704 
8.5 18.981 20.675 22.368 20.079 23.613 27.147 
 
2  
7.5 29.586 34.868 40.150 27.014 33.186 39.359 
8.0 38.335 42.459 46.583 35.670 41.924 48.177 
8.5 52.455 58.848 65.240 48.361 59.404 70.447 
 
3  
7.5 23.164 27.243 31.323 23.474 29.004 34.534 
8.0 29.299 32.281 35.262 30.368 36.070 41.772 
8.5 41.152 45.121 49.090 42.701 51.571 60.441 
 
Table 4 Percentage increase or decrease in PSSP base shear in comparison to DSSP base shear. 
Site 
 
Mw Percentage increase or decrease 
Mean 
 
Mean + Standard 
deviation  
Mean + (2 x Standard 
deviation)  
 
1 
7.5 2.912 5.495 7.445 
8.0 0.509 3.366 5.583 
8.5 5.781 14.210 21.363 
 
2  
7.5 -8.693 -4.822 -1.970 
8.0 -6.950 -1.260 3.422 
8.5 -7.806 0.945 7.981 
 
3  
7.5 1.337 6.463 10.254 
8.0 3.648 11.739 18.462 
8.5 3.763 14.293 23.121 
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4. Conclusions 
1. The effect of randomness in fault rupture and in soil and structure parameters has been studied for Delhi region for 
scenario earthquakes. It is seen that randomness in fault rupture contributes predominantly to the variability in 
response.  
2. It is seen that at the sites considered mean + 2 x Standard deviation spectral acceleration values may be higher than 
the DSP values by as much as 37% (site 1, Mw = 8.0).   
3.  The PSSP base shear can be significantly higher than the DSSP base shear. For the portal considered the PSSP 
base shear was higher than the DSSP by 23% (site 3, Mw = 8.5)   
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